
Impact Objectives
• Focus on the potential of natural materials, rather than costly bottom-up chemical synthesis, to drive 

advances in microencapsulation and biopolymer technologies

• Find a natural and sustainable microbead source so as to prevent synthetic microbeads contributing to the 
‘plastic soup’ and harming marine life

• Apply novel microencapsulation technologies to a wide range of industries so as to provide natural solutions 
to the development of functional foods, herbal therapeutics, cosmetics and crop management products

Nature’s microencapsulant as 
next generation biomaterial

Professor Nam-Joon Cho discusses work underway in the Translational Science Group’s Pollen project 
and how this is driving advances in microencapsulation and biopolymer technologies 

Can you begin by 
introducing yourself?  

I am a Nanyang 
Associate Professor 
in the School of 
Materials Science 

and Engineering at Nanyang Technological 
University (NTU), Singapore, and Deputy 
Director of the Nanyang Institute of 
Technology in Health and Medicine 
(NITHM). I am also a Principal Investigator 
at the Singapore-MIT Alliance for Research 
and Technology. 

What are your key research interests 
regarding pollen, spores and algae 
applications?

My group’s research focuses on engineering 
approaches to translate fundamental 
research into industrially relevant 
applications. A major focus is towards 
exploring the potential applications of pollen, 
spores and algae for microencapsulation and 
novel polymeric biomaterials. In recent years, 
we have published over 15 fundamental 
and application-based studies relating to 
pollen and spores in world-leading research 
journals. 

Fundamental studies are focused on the 
microencapsulation potential of natural 
pollens, as well as the extraction and 
properties of sporoderm microcapsules. 
Application-based studies are focused on 
the microencapsulation and controlled 
release of compounds suitable for use in 
food, cosmetics, therapeutics and more.  

Novel polymeric biomaterial studies are 
being undertaken in a similar manner.  
Fundamental studies are focused on the 
inherent properties of sporoderm materials 
and effects of further processing and 
functionalisation. Whereas application-
based studies are focused on the 
development of sporoderm composite 
structures for use in biosensors, tissue 
engineering and industrially applicable 
biocomposite materials.

What are the key lines of research at the 
Translational Science Group (TSG) regarding 
pollen, spores and algae applications?

In relation to microencapsulation, our 
primary interests involve the development 
of solutions for the food, cosmetics, herbal 
therapeutics and agricultural industries. For 
the food industry, we are working toward 
developing a dry-powder product line for 
use as a food additive in functional food 
applications. For the cosmetics industry, we 
are working toward developing functional 
microbeads as an eco-friendly replacement 
for problematic synthetic microbeads. For 
herbal therapeutics, we are developing a 
range of natural pollen-based formulations 
by combining commonly used pollens with 
synergistic herbal bioactives. For agricultural 
applications, we are developing natural 
pollen-based formulations for controlled 
delivery of pesticides and fertilisers. 
In relation to sporoderm-based novel 
polymeric biomaterials, our primary 
interests involve the development of 
solutions for biosensor, biomedical, 
personal care and biopolymer products. 
For biosensors, we are developing both 

wearable touch sensitive and molecular 
recognition devices. For biomedical 
applications, we are exploring tissue-
engineering scaffolds and implant coatings. 
For personal care products, we are exploring 
sporoderm-based sunscreen alternatives, 
and topical skin detoxification formulations. 
For general biopolymer product 
applications, we are exploring sporoderm-
based coatings and films for use in a wide 
range of products. 

What does the future hold for TSG in the next 
five to 10 years?

In the coming years we sincerely believe 
that pollen, spores and algae will continue 
to grow and become an important new 
class of materials for both fundamental 
research and industry. Many industries 
are seeking natural solutions to replace 
existing synthetic compounds. Fulfilment 
of ongoing studies and the expansion of 
collaborative efforts will open significant 
industry opportunities, and we expect that 
in the next five to 10 years we will see a 
wide range of novel pollen-based products 
enter the marketplace. Due to the lack of 
regulations for utilising pollen in foods, we 
see that there will be the development of 
multiple functional food products, with the 
second major application being functional 
microbeads for use in natural cosmetics 
and personal care. Although more of a 
challenge, we believe with further serious 
collaborative efforts, it will be possible to 
develop sporoderm-based novel polymeric 
biomaterials for use in a wide range of 
disposable consumer products and eco-
friendly electronic devices. 
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Turning nature’s materials 
into advances in science

World-leader in pollen science, the Translational Science Group (TSG) based at Nanyang Technological 
University, Singapore, is developing pollen-based technologies which have the potential to significantly 
impact the fields of microencapsulation and biopolymers 

TSG (Translational Science Group) was 
formed with the primary goal of translating 
fundamental engineering research into 
industry relevant applications. Seeking 
inspiration from nature for solving modern 
engineering challenges, TSG has found 
that natures own solutions for ensuring 
reproductive success provide valuable 
insights, structures and materials for 
developing next-generation biocompatible 
eco-friendly products.

TSG is a multidisciplinary research group 
in the Materials Science department 
at Nanyang Technological University 
(NTU), Singapore. It has researchers from 
backgrounds as diverse as mathematics, 
physics, chemistry, biology, computer 
sciences and mechatronics, as well as 
civil and chemical engineering. Through 
combined insights and expertise, TSG 
has been able to explore and develop 
novel solutions based on pollens, spores 
and algae for a wide range of industrial 
applications.

THE POWER OF NATURAL MATERIALS
Natural materials provide both advantages 
and challenges in materials science research 
and industrial applications. Pollen, spores 
and algae-derived sporoderms provide a 
renewable source of biocompatible and 
robust materials. However, challenges 
exist in developing a comprehensive 
understanding of the fundamental 
properties and potential of such a novel 
group of biopolymers. Through extensive 
fundamental and application-based studies, 
the TSG team has applied its diverse skill 

set to build a comprehensive understanding 
of this exciting new biomaterial.  

Pollen, spores and algae are nature’s 
evolutionary solution to protecting sensitive 
genetic materials from harsh environmental 
conditions. With a greater understanding of 
the constituents making up these natural 
microencapsulants, there is the potential 
to apply the impressive material properties 
inherent in sporoderms to solve a wide 
range of research and industry challenges. 
As a natural material without regulations 
regarding human consumption, sporoderm-
based systems provide a significant 
opportunity in a wide range of industries, 
and have very obvious applications in foods, 
cosmetics, therapeutics and more. 

POLLEN APPRECIATION
TSG is working with pollen, a natural 
platform for microencapsulation. The 
researchers believe that pollen’s abundance 
and natural renewability provide an 
attractive platform for microencapsulation-
based applications. Professor Nam-Joon 
Cho, Project Coordinator at TSG, highlights 
some of the advantages of pollen for the 
researchers: ‘The outer wall of pollen is 
comprised of an extremely physicochemical 
robust biopolymer – sporopollenin. 
Pollen can be used in its natural form, or 
processed to create hollow non-allergenic 
capsules. Natural and processed pollen 
capsules have been shown to provide 
protection against oxidation and UV 
degradation for encapsulated compounds, 
as well as taste masking effects. 
Compounds loaded into pollen capsules 

are protected from degradation and can 
be released quickly or slowly through co-
encapsulation. Large-scale raw material is 
available on the international market at a 
cost-effective price of US $25 per kg. Pollen 
is widely available for purchase and has no 
limiting regulations for use as an ingredient 
for human consumption. Plus it is naturally 
biodegradable.’

The researchers believe pollen is far 
superior to synthetic encapsulants for 
numerous reasons, not least because 
common synthetic polymeric particles 
often fail to provide uniformity and 
defined microstructures necessary for 
consistent loading and release properties. 
‘Synthetic microcapsules are not only 
expensive to produce, but also lack 
uniform size distributions and useful 
surface characteristics of pollen,’ Cho 

Naturally occurring 
pollen, spores and algae 
are an underappreciated, 
yet promising 
alternative source of 
microparticles, with 
the added functionality 
of being natural 
microencapsulants
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Project Insights
FUNDING
Work supported by the Competitive 
Research Programme (NRF-CRP10- 
2012-07) of the National Research 
Foundation of Singapore (NRF), 
and by a Start-Up Grant (SUG) from 
Nanyang Technological University 
(M4080751.070).
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E: njcho@ntu.edu.sg
W: www.ntu.edu.sg/home/njcho 
A: Nanyang Technological University
Centre for Biomimetic Sensor Science
Research, Techno Plaza, 50 Nanyang Dr, 
Singapore 637553, Singapore

PROJECT COORDINATOR BIO
Nam-Joon Cho is a Nanyang Associate 
Professor in the School of Materials 
Science and Engineering at Nanyang 
Technological University in Singapore. 
His group focuses on engineering 
approaches to translate fundamental 
research into industrially relevant 
applications. He graduated from 
Stanford University and the University of 
California, Berkeley in the US.

explains. Some disadvantages of synthetic 
microcapsules are: hazardous prerequisite 
materials and degradation products that can 
lead to cellular and environmental damage; 
low efficacy in protecting encapsulated 
compounds from thermal and chemical 
stress; lack of surface ornamentation; 
low surface area; poorly controlled sizes 
negatively affecting release profiles; and a 
high raw materials cost of up to US$3000-
10,000 per kg on the international market. 
Synthetic microbeads have an additional 
disadvantage as Cho underlines: ‘Synthetic 
microbeads have come under attack for 
contributing to the “plastic soup” and 
harming marine life in oceans and lakes. 
Microbead bans have since gone into effect, 
with nine of the 15 largest global cosmetic 
companies publicly committing to phasing 
out synthetic microbeads in cosmetic 
products.’

A SUSTAINABLE FUTURE
As a key potential application, the team 
has recognised that there is a critical 
need to find a natural and sustainable 
source of microbeads for use in cosmetics 
and personal care products. ‘Naturally 
occurring pollen, spores and algae are 
an underappreciated, yet promising 
alternative source of microparticles, with 
the added functionality of being natural 
microencapsulants,’ Cho explains. ‘Through 
the exploration of new sporoderm-based 
biomaterials it may be possible to develop 
a range of functional microbeads with 
the application of various encapsulation 
strategies.’

With regards to microencapsulation, the 
team has developed and patented the 
world’s most advanced pollen-based 
microencapsulation technology, which 

is available for licensing. Clients pay 
TSG Advanced Materials for advice and 
consultation with a view to conducting 
feasibility trials using their compounds with 
TSG patented technology. If successful, 
clients can upgrade to a full patent licensing 
agreement that guarantees exclusivity 
related to their field of interest. 

For applications wherein it is possible to 
incorporate natural pollens, the technology 
involves taking plant pollen and filling 
it with chosen molecular compounds, 
which may include oils, fragrances and 
antimicrobials. This enables a synergistic 
effect between natural pollen constituents 
and the loaded active ingredients, and 
provides protection for its contents until 
their later release. Additionally, it requires 
no additional regulatory certification.

IMPACTING ON INDUSTRIES
The team has explored different ways to 
apply its microencapsulation technology to 
various fields and industries. These include: 

Processed food and drink – exploring the 
stability of volatile bioactive compounds 
for use in foods, supplements and herbal 
therapeutics, and developing a flour-like 
food additive containing bioactive functional 
food ingredients for use in processed foods.

Health foods and supplements – exploring 
the potential of taste and odour masking 
for unpleasant health supplements and 
herbal therapeutics, and developing a range 
of pollen encapsulated supplements and 
herbal therapeutics.

Cosmetics and personal care – exploring 
the potential for UV protection and 
detoxification, so as to form topical pollen-

The team at the Translational Science Group (TSG)

based creams for use in cosmetics and 
personal care products.

Agricultural products – exploring the 
stability and release characteristics of a 
range of commonly used natural pesticides, 
herbicides and fertilisers in the field, and 
developing a range of natural agricultural 
products for controlled delivery of fertilisers, 
as well as pest and weed control.

Microbead substitute – a natural exfoliant 
and filler for skin care products, pollen-
based systems mix well with a variety of 
oil and water combinations by acting as a 
natural emulsifier.

Looking ahead, the team hopes to fully 
realise its goal of solving the practical 
challenges facing the use of 
microencapsulation for a wide range of 
applications using its innovative 
technology. 
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